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(57) ABSTRACT 

Serious defects on a mask can compromise the functionality 
of the integrated circuits formed on the Wafer. Nuisance 
defects, Which do not affect the functionality, Waste expen 
sive resources. A defect analysis tool With job-based auto 
mation can accurately and efficiently determine defect print 
ability. This tool can run a job, using a mask ?le, to simulate 
the Wafer exposure that the mask Would provide under a 
given set of parameters. These parameters can relate to the 
mask itself, the inspection system used to create the mask 
?le, and the stepper that can be used to expose the mask. The 
processes performed during the job can be done uniformly 
for defects on the mask. This uniformity alloWs the tool to 
ef?ciently run multiple jobs. The results of the job can be 
presented using different levels of detail to facilitate user 
revieW. 
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SYSTEM AND METHOD FOR PROVIDING 
DEFECT PRINTABILITY ANALYSIS OF 
PHOTOLITHOGRAPHIC MASKS WITH 

JOB-BASED AUTOMATION 

RELATED APPLICATIONS 

[0001] This application is a continuation-in-part of US. 
patent application Ser. No. 10/372,066, entitled “User Inter 
face ForANetWork-Based Mask Defect Printabilty Analysis 
System”, ?led Feb. 20, 2003, Which is divisional of US. 
patent application Ser. No. 09/544,798, entitled “Method 
and Apparatus For A NetWork-Based Mask Defect Print 
ability Analysis System”, ?led Apr. 7, 2000, Which is a 
continuation-in-part of US. patent application Ser. No. 
09/154,397 entitled, “Visual Inspection and Veri?cation 
System”, ?led Aug. 7, 1998, Which in turn relates to US. 
Provisional Patent Application Serial No. 60/059,306, 
entitled “Mask Veri?cation Correction and Design Rule 
Checking”, ?led Sep. 17, 1997, all of Which are incorporated 
by reference herein. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention relates to the ?eld of integrated 
circuit manufacturing. In particular, the invention relates to 
a method and a system for analyZing defects on binary 
intensity masks, phase-shifting masks, and neXt generation 
lithography (NGL) masks used in the manufacture of inte 
grated circuits With job-based automation. 

[0004] 2. Description of Related Art 

[0005] In designing an integrated circuit (IC), engineers 
typically rely upon computer simulation tools to help create 
a circuit schematic design consisting of individual devices 
coupled together to perform a certain function. To actually 
fabricate this circuit in a semiconductor substrate the circuit 
must be translated into a physical representation, ie a 
layout. Again, computer aided design (CAD) tools assist 
layout designers in the task of translating the discrete circuit 
elements into shapes, Which Will embody the devices them 
selves in the completed IC. These shapes make up the 
individual components of the circuit, such as gate electrodes, 
?eld oxidation regions, diffusion regions, metal intercon 
nections, and so on. 

[0006] Once the layout of the circuit has been created, the 
neXt step to manufacturing the integrated circuit is to trans 
fer the layout onto a semiconductor substrate. One Way to do 
this is to use the process of photolithography in Which the 
layout is ?rst transferred onto a physical template, Which is 
in turn used to optically project the layout onto a Wafer. 

[0007] In transferring the layout to the physical template, 
a mask (for eXample, a quartZ plate coated With chrome) is 
generally created for each layer of the integrated circuit 
design. This is done by inputting the data representing the 
layout design for that layer into a device, such as an electron 
beam machine, Which Writes the integrated circuit layout 
pattern into the mask material. In less complicated and dense 
integrated circuits, each mask comprises the geometric 
shapes that represent the desired circuit pattern for its 
corresponding layer. In more complicated and dense circuits 
in Which the siZe of the circuit features approach the optical 
limits of the lithography process, the masks may also 
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comprise optical proximity correction (OPC) features, such 
as serifs, hammerheads, bias and assist bars. In other 
advanced circuit designs, phase-shifting masks may be used 
to circumvent certain basic optical limitations of the process 
by enhancing the contrast of the optical lithography process. 

[0008] These masks are then used to optically project the 
layout onto a silicon Wafer coated With photoresist material. 
For each layer of the design, a light (visible/non-visible 
radiation) is shone on the mask corresponding to that layer. 
This light passes through the clear regions of the mask, 
Whose image eXposes the underlying photoresist layer, and 
is blocked by the opaque regions of the mask, thereby 
leaving that underlying portion of the photoresist layer 
uneXposed. (Note that the preceding eXample is predicated 
on current generation DUV lithography. In neXt generation 
lithography, e.g. X-ray lithography, the mask may operate 
slightly differently.) The eXposed photoresist layer is then 
developed, typically through chemical removal of the 
eXposed/non-eXposed regions of the photoresist layer. The 
result is a semiconductor Wafer coated With a photoresist 
layer eXhibiting a desired pattern, Which de?nes the geom 
etries, features, lines and shapes of that layer. This process 
is then repeated for each layer of the design. 

[0009] As integrated circuit designs become more com 
plicated, it becomes increasingly important that the masks 
used in photolithography are accurate representations of the 
original design layout. Unfortunately, the electron beam and 
other machines used to manufacture these masks are not 
error-free. Thus, in the typical manufacturing process, some 
mask defects do occur outside the controlled process. 

[0010] Adefect on a mask is anything that is different from 
the design database and is deemed intolerable by an inspec 
tion tool or an inspection engineer. A mask can comprise a 
plurality of opaque areas (typically made of chrome) and a 
plurality of clear areas (typically made of quartZ). In a bright 
?eld mask, the background is clear and the circuit pattern is 
de?ned by opaque areas. In a dark ?eld mask, the back 
ground is opaque and the circuit pattern is de?ned by clear 
areas. Common mask defects that occur during a bright ?eld 
mask manufacturing process include, for eXample, an iso 
lated opaque spot defect in a clear area, an isolated clear 
pinhole defect in an opaque area, an edge intrusion defect in 
an opaque area, an edge protrusion defect in a clear area, a 
geometry break defect in an opaque area, and a geometry 
bridge defect in a clear area. Similar type defects can occur 
in a dark ?eld mask manufacturing process. Defects may 
also occur in the OPC features provided on the chip. 

[0011] After designing an integrated circuit and creating a 
data ?le, the mask design data is provided to a device such 
as an electron beam or laser Writing machine and a mask is 
manufactured. The mask is then inspected for defects. In this 
inspection, the surface of the mask can be scanned With a 
high resolution microscope (e.g. optical, scanning electron, 
focus ion beam, atomic force, and near-?eld optical micro 
scopes), Which captures images of the mask. 

[0012] These mask images can then be observed off-line 
by an engineer or on-line by a mask fabrication Worker to 
identify defects on the physical mask. Then, a decision is 
made Whether the inspected mask is good enough for use in 
the photolithography process. This decision can be made 
off-line by a skilled inspection engineer or on-line by a 
fabrication Worker, possibly With the aid of inspection 
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software. If there are no defects, or defects are discovered 
but determined to be Within tolerances set by the manufac 
turer or user, then the mask passes inspection and can be 
used to expose a Wafer. If defects are discovered that fall 
outside tolerances, then the mask fails inspection and a 
decision is made as to Whether the mask can be cleaned 
and/or repaired to correct the defects, or Whether the defects 
are so severe that a neW mask must be manufactured. This 

process is continued until a manufactured mask passes 
inspection. 

[0013] In one embodiment, the mask can be further 
inspected to ensure that the mask Will produce the desired 
image on a photoresist after a Wafer is exposed to light 
through the mask. Frequently, this inspection includes 
exposing and processing a Wafer using the inspected mask. 
Then, a decision is made as to Whether there are any defects 
on the processed Wafer and Whether the defects fall Within 
tolerances. If discovered defects are substantial, then, as 
before, a decision is made Whether the defects can be 
repaired or Whether a neW mask must be produced. This 
process is continued until a mask is manufactured that Will 
produce the desired Wafer patterns and that Will pass the 
Wafer level inspection, thereby ending inspection. This mask 
is then used in the photolithography process to expose the 
corresponding layer in the overall manufacturing process. 

[0014] The goal of defect inspection is to correctly iden 
tify a defect to avoid a failed Wafer processing. HoWever, not 
all mask defects are important With respect to the desired 
result, i.e. an accurate representation of the original design 
layout on the photoresist material or etched into silicon. 
Speci?cally, not all mask defects Will “print.” Loosely 
speaking, the printability of a defect is hoW a defect Would 
impact the outcome of a given photolithography and/or 
Wafer processing approach, including etching, implantation, 
etc. Because the printability of a defect is mainly associated 
With the stepper exposure conditions, a defect can be “not 
printable” for a particular set of stepper exposure conditions 
and “printable” under a different set of stepper exposure 
conditions. These conditions for optical photolithography 
can include, for example, defect siZe, Wavelength, numerical 
aperture, coherence factor, illumination mode, exposure 
time, exposure focus/defocus, defect location, surrounding 
features, and the re?ection/transmission characteristics of 
the defect. 

[0015] Accordingly, in any mask inspection system, the 
important decision to be made is Whether a given defect Will 
“print” on the underlying photoresist in a photolithography 
process under speci?ed conditions. If a mask defect does not 
print or have other effects on the photolithography process 
(such as unacceptably narroWing the process WindoW), then 
the mask With the defect can still be used to provide 
acceptable results. Therefore, one can avoid the expense in 
time and money of repairing and/or replacing masks Whose 
defects do not print. What is desired then, is a method and 
system for quickly and accurately analyZing defects on the 
masks used in the photolithography process. 

SUMMARY OF THE INVENTION 

[0016] Providing an accurate pattern transfer from a layout 
to a Wafer is the ultimate goal of design companies, mask 
shops, and Wafer fabrication facilities. Inspecting a mask for 
defects is an integral step in ensuring this accurate pattern 
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transfer. Speci?cally, if a mask defect is signi?cant, then the 
functionality of the integrated circuits (ICs) formed on the 
Wafer could be compromised. In this case, the defect on the 
mask must be repaired (if repairable) or the mask must be 
remanufactured. On the other hand, if the mask defect is 
deemed to be a nuisance defect that does not affect IC 
functionality, then the defect does not need to be repaired, 
thereby saving both personnel and equipment resources for 
other tasks. 

[0017] In accordance With one feature of the invention, a 
defect analysis tool With job automation can advantageously 
determine defect printability. Speci?cally, this defect analy 
sis tool can use a captured image of a mask to simulate the 
Wafer exposure that the mask Would provide under a given 
set of stepper conditions. The captured image of the ?le can 
be provided in a mask ?le having a standard mask format ?le 
(MFF). In another embodiment, non-MFF mask data can be 
converted into an MFF ?le. 

[0018] A user can specify a job to be run using the mask 
?le. Of importance, the job de?nes parameters relating to 
processes to provide the defect analysis. The parameters can 
include settings relating to the mask, such as mask type, 
phase(s) of the mask, and/or transmission of the mask. The 
parameters can further include settings relating to an inspec 
tion system that provided information for the mask ?le. 
These inspection system settings could include an inspection 
system vendor, an inspection system model, and/or param 
eters used in carrying out the inspection. The parameters can 
further include settings relating to a stepper that can be used 
in exposing the mask during photolithography. These step 
per settings could include Wavelength, numerical aperture, 
reduction, defocus, and/or illumination. Thus, the Wafer 
simulation can be computed to take into account any number 
of parameters associated With the mask, inspection system, 
and stepper, thereby increasing the accuracy of the print 
ability determination. 

[0019] Of importance, the processes to provide defect 
analysis can be performed uniformly for defects on the 
mask. This uniformity, Without need for additional user 
input, alloWs the defect analysis tool to ef?ciently run 
multiple jobs. For example, in one embodiment, a job 
manager can alloW multiple jobs to be run in parallel. The 
job manager can also schedule multiple computation 
resources to run one or more jobs. 

[0020] In accordance With another feature of the inven 
tion, the results can be presented using multiple levels for 
user revieW. For example, a ?rst revieW level can include an 
overall summary of simulations performed on the defects 
and/or defect scoring. A second revieW level can include a 
defect map of the defects on the mask. In one embodiment, 
the defect map is color-coded, Wherein each color represents 
a predetermined defect severity. In one embodiment, a 
?ashing light can indicate a high defect severity. A third 
revieW level, Which is the most detailed level of revieW, can 
include aerial images of each defect With predicted Wafer 
contours and a corresponding reference image of that defect. 

[0021] The user can perform the job speci?cation and job 
results revieW using a graphic user interface. In one embodi 
ment, a Web broWser can facilitate remote user access to the 

defect analysis tool. 

[0022] In accordance With yet another feature of the 
invention, a status for each defect can be entered. This status 
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can be based on a user’s review of the results of the job. In 
one embodiment, a history of statuses for each defect can 
also be provided. These statuses can be based on users’ 
revieWs of the results of the job. Based on the statuses of 
defects on the mask, a user can make a Well-informed and 
timely decision regarding Whether a mask can be used as is, 
should be repaired, or must be re-manufactured. 

[0023] In accordance With embodiments of the invention, 
both a system and a computer program product can be 
provided for implementing this defect analysis functionality. 
[0024] In accordance With another feature of the inven 
tion, a graphic user interface (GUI) can be provided for 
defect printability analysis on a photolithographic mask. The 
GUI can have a main menu bar that includes a plurality of 
setting links, a job run link, and a plurality of revieW links. 

[0025] The plurality of setting links can include a mask 
setting link, a stepper setting link, and an inspection system 
link. The mask setting link is associated With a mask 
parameter screen that alloWs a user to input parameters 
regarding the photolithographic mask. Such parameters 
could include a mask name, a mask type, phase values, and 
transmittance values for certain semi-transparent areas on 
the mask. The stepper setting link is associated With a 
stepper parameter screen that alloWs a user to input param 
eters regarding a stepper usable for exposing the photolitho 
graphic mask. Such parameters could include a stepper 
name, a stepper Wavelength, a stepper numerical aperture, a 
stepper reduction, a stepper defocus and range of defocus, 
and a stepper illumination. The inspection system link is 
associated With an inspection system parameter screen that 
alloWs a user to input parameters regarding an inspection 
system used to inspect the photolithographic mask. Such 
parameters could include an inspection system name, an 
inspection system vendor, and an inspection system model. 
[0026] The job run link is associated With a job parameter 
screen that alloWs a user to input parameters regarding a job 
to provide the defect printability analysis. Such parameters 
could include a job type and a reuse old recipe designation. 

[0027] The plurality of revieW links can include three 
revieW links. A ?rst level revieW link can be associated With 
a ?rst screen that alloWs a user to search for the defect 
printability analysis. The ?rst screen can include parameters 
for an inspection system used to inspect the photolitho 
graphic mask and creation dates of the defect printability 
analysis. 
[0028] A second level revieW link can be associated With 
a second screen that alloWs a user to vieW defect printability 
analysis results for the photolithographic mask. The second 
screen can include a summary representation of defect 
severity. 
[0029] A third level revieW link can be associated With a 
third screen that alloWs a user to vieW defect printability 
analysis results for each defect on the photolithographic 
mask. The third screen can include a defect image of each 
defect, a reference image associated With that defect image, 
and simulated results associated With those defect and 
reference images. The third screen can further include a 
status parameter for each revieWed defect. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0030] FIG. 1A illustrates an exemplary Work?oW 100 
that can be used to determine Whether a mask passes 
inspection, should be repaired, or needs to re-manufactured. 
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[0031] FIG. 1B illustrates a system con?guration in Which 
a job manager can manage and distribute a plurality of jobs 
to a plurality of computation resources. 

[0032] FIG. 2 illustrates an exemplary mask setting page 
that can capture and organiZe information about a mask the 
user desires to analyZe. 

[0033] FIG. 3 illustrates an exemplary stepper setting 
page that can capture and organiZe information about a 
potential stepper that can be used in defect analysis. 

[0034] FIG. 4 illustrates an exemplary inspection system 
setting page that can capture and organiZe information about 
the inspection systems that Were used for inspecting the 
masks. 

[0035] FIG. 5 illustrates an exemplary maintenance page 
that can enable the user to prune the database of unWanted 
simulation data and to compress mask ?les, stepper settings, 
and data results for transfer to another database. 

[0036] FIGS. 6A and 6B illustrate an exemplary run page 
that alloWs a user to run a defect analysis job. 

[0037] FIG. 7 illustrates an exemplary ?rst level revieW 
page that alloWs a user to search for a completed defect 
analysis job. 
[0038] FIG. 8 illustrates an exemplary second level 
revieW page that alloWs a user to ?lter defects for detailed 
revieW. 

[0039] FIG. 9 illustrates an exemplary third level revieW 
page that alloWs the user to individually vieW each defect 
and reference image pair along With the simulated results. 

[0040] FIG. 10 illustrates an exemplary ?le conversion 
tool page that can facilitate converting a non-standard mask 
?le into a standard mask format ?le 

DETAILED DESCRIPTION OF THE DRAWINGS 

[0041] Photolithography is a process Whose input is a 
mask and Whose output is a printed pattern on a Wafer. The 
printed pattern is What design companies, mask shops, and 
Wafer fabrication facilities really care about. One Way to 
inspect this printed pattern is to perform an actual Wafer 
exposure. HoWever, this method incurs signi?cant costs in 
time and money. 

[0042] In accordance With one feature of the invention, a 
defect analysis tool With job-based automation and Web 
broWser graphic user interface can advantageously deter 
mine defect printability Without the need for the expensive 
steps of actually exposing a Wafer. Speci?cally, this job 
based defect analysis tool can use a captured image of a 
mask (eg an image from a high resolution optical micro 
scope or a scanning electron microscope) to simulate the 
Wafer exposure that the mask Would provide under a given 
set of stepper conditions. Thus, When an initial mask inspec 
tion for defects has been performed and potential defects 
have been identi?ed, the job-based defect analysis tool can 
be used to simulate the Wafer exposure based on captured 
images of the mask areas surrounding the potential defects. 
In this Way, the printability of mask defects can be directly 
analyZed Without the expense of an actual Wafer exposure. 
Further, as described beloW, the simulation can be computed 
to take into account any number of parameters associated 
With the mask, inspection system, and stepper (Which con 
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trols the photolithography process), thereby increasing the 
accuracy of the printability determination. 

[0043] Work?oW OvervieW 

[0044] FIG. 1A illustrates an exemplary Work?oW 100 
that can be used to determine Whether a mask passes 
inspection, should be repaired, or needs to re-manufactured. 
In step 101, a mask ?le from an inspection system can be 
obtained. In one embodiment of step 101, the mask ?le can 
be converted into a standard mask format ?le (MFF) using 
a ?le conversion tool. MFF format can include standard 
formats for inspection records (e.g. inspection system mod 
els, inspection modes, inspection orientations, and time 
resolution), mask property records (e.g. mask type, mask 
materials, and the transmittance and phase of certain mask 
materials), defect records (e.g. defect ID, coordinate, defect 
siZe, defect classi?cation, defect image, reference image, 
and difference image), and other records. This ?le conver 
sion tool is further described in reference to FIG. 10. In step 
102, the mask ?le can be loaded into a defect analysis tool 
that can generate Wafer simulations and defect scoring. 

[0045] In step 103, a user can specify a job associated With 
the mask ?le. Of importance, the user can specify the 
parameters associated With the mask itself, the inspection 
system used to provide the mask information captured in the 
mask ?le, and the stepper(s) that can be used to expose the 
mask. These set parameters ensure accurate defect analysis 
results, thereby alloWing the user to make the most informed 
decision possible regarding the disposition of the mask. 

[0046] Also of importance, the set parameters can be 
applied to all the simulations and defect severity score 
computations performed for the mask. That is, the defect 
analysis tool can process defects on the mask identically, 
thereby alloWing the defect analysis tool to advantageously 
schedule each job in an extremely time ef?cient manner. For 
example and referring to FIG. 1B, a defect analysis tool 111, 
Which is run on an application server 115, can receive job 
requests from one or more client stations 112 (i.e. the 
hardWare used by the users, Which could include computers, 
Workstations, and/or servers). 
[0047] Speci?cally, defect analysis tool 111 can use a job 
manager 110 to manage and distribute a plurality of jobs 120 
(Wherein jobs 120 could be multiple jobs or portions of one 
or more jobs). Jobs 120 can be run on any server-side node 
(generically, any type of computation resource) of a system, 
eg application server 115 itself and one or more computers 
116, thereby signi?cantly increasing the processing speed of 
defect printability analysis. Note that although job manager 
110 is shoWn implemented Within defect analysis tool 111, 
job manager 110 can be implemented separately from defect 
analysis tool 111 in other embodiments. 

[0048] In one embodiment, defect analysis tool 111 can 
generate a graphic user interface 113 to facilitate commu 
nication With a client station 112. In another embodiment, a 
client station 112 can use a Web broWser 114 and graphic 
user interface 113 to facilitate remote communication With 
defect analysis tool 111. 

[0049] Advantageously, defect analysis tool 111 can deter 
mine What defect printability analysis is associated With 
each job request and can automatically identify the tasks 
associated With that analysis. Job manager 110 can continu 
ously compile and/or divide these tasks into jobs 120. Job 
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manager 110 can also continuously compile and/or divide 
the results from jobs 120. In one embodiment, a computer 
116 can automatically provide its results from job 120 to job 
manager 110 When ?nished. In another embodiment, a 
computer 116 can store its results from job 120 until job 
manager 110 requests the results. Defect analysis tool 111, 
Which can process the results from job manager 110, can 
then transfer such results to an accessible storage means 117. 
Note that storage means 117 could be implemented inte 
grally With or implemented separately from application 
server 155. 

[0050] Referring back to FIG. 1A, because the processing 
of the mask defects can occur in parallel, the defect analysis 
tool can quickly provide a user With accurate simulation 
results. These results can aid a user in making decisions 
regarding Whether the mask should be repaired before being 
used to manufacture integrated circuits. Thus, using the 
defect analysis tool With job automation can advantageously 
shorten the time-to-market of integrated circuits made using 
the analyZed mask. 

[0051] After the job runs in step 104, a user can revieW the 
results of the defect analysis. Various levels of revieW can be 
provided in step 105. For example, in one embodiment 
described in reference to FIGS. 7-9, a Level 1 revieW can 
include an overall summary of the simulation and defect 
scoring results, a Level 2 revieW can include a defect map 
of the mask and CD variation of a feature most affected by 
each defect, and a Level 3 revieW can include a detailed 
analysis of each defect. 

[0052] Based on such revieWs, the user can assign a status 
to each defect on the mask in step 106. In one embodiment, 
multiple users can assign different statuses to the same 
defect, Wherein the status assigned by one user can override 
the status assigned by another user. These statuses can 
provide a user information as to Whether the mask is ready 
to be used in the photolithographic process as is, needs 
repair before being used, or must be re-manufactured. 

[0053] Exemplary Embodiment of Defect Analysis T001 

[0054] FIGS. 2-9 illustrate screen shots (called pages 
herein) from an exemplary embodiment of a defect analysis 
tool. These pages can capture and organiZe information 
about tool use (eg administration, maintenance, and secu 
rity), parameters the tool Will need for the analysis, and 
revieWs by users of the tool. 

[0055] In general, each page includes a main menu bar, 
Which can serve as a navigator to take the user to a different 

operation. In one embodiment, these operations can be 
grouped under the folloWing headings: Settings, Job, 
RevieW, Administration, Maintenance, and Security. Note 
that the pages described beloW are illustrative only. Thus, 
other defect analysis tools may include pages that capture 
and organiZe information in a similar or different Way. For 
example, in one embodiment, the tools can be implemented 
using a Web-based interface that alloWs multiple servers to 
respond to user inputs. 

[0056] Mask Settings 

[0057] In general, the Settings pages alloW a user to input 
parameters used to perform the simulations on the mask. 
Speci?cally, the defect analysis tool can build simulation 
models based on the parameters input by a user. In one 
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embodiment, these input parameters can relate to mask 
settings, stepper settings, and inspection system settings. 

[0058] FIG. 2 illustrates a mask setting page 200 that can 
capture and organiZe information about a mask the user 
desires to analyZe. Note that this mask information corre 
sponds to a real mask that has been manufactured and tested. 

[0059] To create a neW mask entry, the user can type the 
name of the mask in the Name textbox. This name could be 
an arbitrary name assigned by the user, Who could Work in 
a design company, a mask shop, or a Wafer fabrication 
facility. In one embodiment, a pull-doWn menu can be 
provided for the type of mask. For example, the pull-doWn 
menu could provide the user With a choice betWeen, among 
other options, a binary mask and an attenuated phase shifting 
mask (ATT-PSM). 

[0060] Selection of “ATT-PSM”, could trigger prompting 
of additional mask information. In one embodiment, this 
additional mask information could include information 
about the phase and transmission of the mask (Which can be 
input in the appropriate text boxes). The phase refers to the 
degree of phase shift on the mask background. In one 
embodiment, the default value of phase shift is 180 degrees. 
The transmission refers to the percent of light transmitted 
through the mask background at the stepper Wavelength. In 
one embodiment, the default value for transmission is 6.0%. 

[0061] After information regarding the neW mask is 
entered in area 201, the user can click the Add button to 
transfer the information to a table 202, Which organizes the 
information on potential masks that can be used in the 
simulation. In one embodiment, the information regarding 
an entered mask can be edited by clicking on the appropriate 
Edit link in table 202. In the edit mode, any information (i.e. 
Mask Type, Mask Name, Phase, and Transmission) can be 
modi?ed. After editing, the user can click an Update button 
to save the modi?ed information in table 202. 

[0062] In mask setting page 200, a user can delete a mask 
by clicking the checkbox (shoWn to the left of table 202) 
corresponding to the appropriate mask and then clicking the 
Delete button. In this embodiment, the user can click the 
Delete All button to delete all masks from table 202. 

[0063] Stepper Settings 

[0064] FIG. 3 illustrates a stepper setting page 300 that 
can capture and organiZe information about a potential 
stepper that can be used in defect analysis. Note that this 
stepper information corresponds to a speci?c model of 
stepper that could be used to expose the mask. In stepper 
setting page 300, an area 301 can prompt a user to input 
information about the stepper. 

[0065] To create a neW stepper entry, the user can enter 
information using text boxes or pull-doWn menus. For 
example, the Name textbox alloWs entry of the name of the 
stepper model. The Wavelength textbox alloWs entry of the 
Wavelength (nm) of the stepper light source (eg 157, 193, 
248 or 365 nm). The numerical aperture (NA) textbox 
alloWs entry of the sine of half the angle betWeen the light 
cone of a lens as measured from the image. Exemplary NA 
values could include 0.55, 0.65, 0.7, and 0.8). The Stepper 
Reduction textbox alloWs entry of the ratio of the mask siZe 
to the real Wafer size (eg 1, 2.5, 4 or 5). Not that the speci?c 
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user interface mechanisms used for different areas can be 
adjusted, e.g. pull-doWn lists vs. text entry to the speci?c 
setting. 

[0066] The Defocus pull-doWn menu alloWs entry of the 
position of the focal plane relative to the air/surface inter 
face. The image depth (in nanometers) places Where the 
image Will be calculated in the photoresist/thin ?lm. The 
distance betWeen the focal plane and image plane is equal to 
the image depth minus the defocus. If no photoresist/thin 
?lm is speci?ed, then the image depth is equal to Zero. 

[0067] In one embodiment, the user can choose betWeen a 
single and a multiple defocus. The single defocus sets a 
single defocus model, Whereas the multiple defocus enables 
three parameters to generate multiple optical system models 
With uniformly spaced defocus values based on the speci?ed 
defocus range in nanometers. These parameters include the 
smallest defocus value (called a minimum), the largest 
defocus value (called a maximum), and the defocus step siZe 
(called an increment). Note that all defocus values men 
tioned above are relative values to the best focal plane. 

[0068] The Illumination pull-doWn menu alloWs entry of 
the type of light source that can be used for defect analysis. 
In one embodiment, each selected illumination type can 
prompt the user to input at least one additional parameter. 
For example, circular illumination can have an associated 
coherence factor parameter, Which indicates the coherent 
level of the stepper optical system. Values for the coherence 
factor are generally betWeen 0 and 1. Annular illumination 
can have associated inner radius and outer radius param 
eters. Typically, these radius parameters are Without units 
and normaliZed such that the maximum possible outer radius 
is 1. 

[0069] Multipole illumination can have associated inner 
radius, outer radius, and number of poles parameters. Quad 
rapole illumination, Which has 4 poles, is one example of 
multipole illumination. Note that if quadrapole illumination 
is selected, then the inner radius (r) and outer radius (R) are 
normaliZed so that the maximum possible R+r is 1. Quasar 
illumination can have associated inner radius, outer radius, 
and angle parameters. The angle parameter refers to the 
angle of inclusion, Which is evenly distributed from either 
side of a centerline. The pattern that falls Within this angle 
becomes the area of illumination. 

[0070] Rectangular illumination can have four speci?ed 
parameters: the length and height (Y) as Well as its 
position in the x-direction and y-direction (y) from an 
origin. Custom illumination alloWs a user to design a custom 
illumination pattern. This pattern can be de?ned by param 
eters speci?ed by the user. 

[0071] In one embodiment, clicking an Advanced button 
opens a WindoW that alloWs the user to modify other 
parameters. These parameters could include aerial image, 
model radius, model order, minimum number of iterations, 
a user interface for arbitrary illumination description, and/or 
other settings. The aerial image parameter could alloW a user 
to select a polariZation mode that computes optical intensity 
distributions in the simulation. For example, a scalar mode, 
Which assumes that scalar ?elds can properly describe the 
electromagnetic ?elds, can be sufficient for use With simple 
illumination types. Therefore, in one embodiment, the scalar 
mode can be used as a default setting. In contrast, a vector 
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mode uses vertical and horizontal ?eld components during 
computation and therefore is more appropriately used for 
more complex illumination types. 

[0072] A model radius parameter can determine the scope 
of aerial image simulation by specifying hoW far its neigh 
bors can affect a feature’s aerial image. A model order 
parameter can determine the order (complexity) of the 
stepper model. For example, the higher the model order, the 
more complex and accurate the model used in aerial image 
simulations. A minimum number of iterations parameter can 
specify the minimum number of iterations. 

[0073] After information regarding the neW stepper model 
is entered in area 301, the user can click the Add button to 
transfer the information to a table 302, Which organiZes the 
information on all possible steppers that can be used in 
defect analysis. In one embodiment, the information regard 
ing entered steppers can be edited by clicking on the 
appropriate Edit link in table 302. In the edit mode, any 
information (i.e. stepper name, Wavelength, NA, etc.) can be 
modi?ed. After editing, the user can click an Update button 
to save the modi?ed information in table 302. 

[0074] In stepper setting page 300, a user can delete a 
stepper by clicking the checkbox (shoWn to the left of table 
302) corresponding to the appropriate stepper and then 
clicking the Delete button. In this embodiment, the user can 
click the Delete All button to delete all steppers from table 
302. 

[0075] 
[0076] FIG. 4 illustrates an inspection system setting page 
400 that can capture and organiZe information about the 
inspection systems that Were used for inspecting the masks. 
For example, an area 401 can prompt a user to input 
information about a neW inspection system that could be 
used for defect analysis. 

Inspection System Settings 

[0077] To create a neW inspection system entry, the user 
can input information using textboxes and pull-doWn menus. 
For example, the Name textbox can alloW entry of the name 
of the inspection system (eg the name used by the user). 
The Vendor pull-doWn menu can alloW entry of the inspec 
tion system provider, such as AMAT, KLA-Tencor, Lasertec, 
Leica, and Zygo. 

[0078] Selection of a vendor could change the Model 
pull-doWn menu. For example, if a user selected AMAT as 
the vendor, then the Model pull-doWn menu could list 
ARIS-21i and ARIS-100i. In contrast, if the user selected 
Zygo as the vendor, then the Model pull-doWn menu could 
list KMS 100, KMS 450i, KMS 450g, and KMS 400. 

[0079] After information regarding the neW inspection 
system is entered in area 401, the user can click the Add 
button to transfer the information to a table 402, Which 
organiZes the information on the inspection systems used to 
provide mask data. In one embodiment, the information 
regarding entered inspection systems can be edited by 
clicking on the appropriate Edit link in table 402. In the edit 
mode, any information (i.e. name, vendor, and model) can be 
modi?ed. After editing, the user can click an Update button 
to save the modi?ed information in table 402. 

[0080] In inspection system setting page 400, a user can 
delete an inspection system by clicking the checkbox 
(shoWn to the left of table 402) corresponding to the appro 
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priate inspection system and then clicking the Delete button. 
In this embodiment, the user can click the Delete All button 
to delete all inspection systems from table 402. 

[0081] Administration 

[0082] An administration page can alloW a user to access 
pages With information regarding a Group Setup, a User 
Accounts, a Data Backup, a Data Restore, a Job Server, and 
a Status Check. For example, the Group Setup page can 
include a list of the domain accounts that alloW a system 
administrator to organiZe people into logical groups that 
re?ect their rights, privileges, and responsibilities Within the 
system. A User Accounts page can be used to vieW, add, and 
delete user account information. In one embodiment, the 
User Accounts page can include a list of users that may be 
sorted by each heading. A Job Server page can display the 
host, port, and engines used to run jobs. Additional engines, 
as Well as email information, can also be added using this 
page. A Status Check page can display the status of the job 
server, eg the number of jobs in the queue, the server 
name(s), and Whether the server is idle or running a job. 

[0083] Maintenance Utilities 

[0084] FIG. 5 illustrates an exemplary maintenance page 
500 that can serve tWo purposes. First, maintenance page 
500 can enable the user to prune the database of unWanted 
simulation data, thereby decreasing the database siZe. Sec 
ond, maintenance page 500 can alloW the user to compress 
mask ?les, stepper settings, and data results for transfer to 
another database. 

[0085] To prune the database, the user can choose begin 
ning and ending creation dates for the data to be pruned 
using calendar pull-doWn menus 501. After the user clicks 
the Go button, the system can return a table 502 of Main 
tenance History. In one embodiment, table 502 can be sorted 
by Record ID, Mask ID, Serial Number and Creation Time. 

[0086] To delete all the records shoWn in table 502, the 
user can click ?rst on the Select All button and then click the 
Delete button. To delete certain records shoWn in table 502, 
the user can check the box (to the left of table 502) 
corresponding to the Record ID to be pruned and then click 
the Delete button. To delete portions of the records shoWn in 
table 502, the user can select the appropriate deleted portion 
from a pull-doWn list 503. In one embodiment, the user can 
choose Full or Image Only from pull-doWn list 503. Note 
that a Full delete clears the database of that mask record. In 
contrast, an Image Only delete prunes out the images but 
leaves the other simulation and defect scoring results in the 
database. 

[0087] In one embodiment, the defect analysis tool alloWs 
a user to compress all of the speci?ed data, eg the simu 
lation data, defect scoring data, and set parameters, and send 
the compressed ?le to an address indicated by the user. To 
prepare a compressed ?le transfer, the user can click the 
Record ID button of the results to be transferred in table 502, 
thereby opening a transfer page. At this point, the defect 
analysis tool can provide a default ?le name and a path 
name. The user can then click a Generate button to create 

and send the compressed ?le. 

[0088] In one embodiment, simulation results from an 
external source can also be imported using maintenance 
page 500. These simulation results can be placed as a Zip ?le 
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in a directory accessible by the server of the defect analysis 
tool. To import externally generated simulation results, the 
user can click on an Import Results button 504, thereby 
opening an import results page. This import results page can 
prompt the user to input a path name as Well as a ?le name 
in a textbox. Alternatively, the user could click a BroWse 
button and use a Choose File dialog box to locate the ?le. In 
one embodiment, the user may have the option to either 
duplicate or overWrite the imported ?le. 

[0089] Security 
[0090] A Security page (see the main menu) maintains 
privileges to access and vieW the masks that have been 
imported. Typically, a system administrator can determine a 
user’s access to any particular mask data. In one embodi 
ment, the system administrator can grant privileges to 
groups. In another embodiment, an “access all mask data” 
privilege can be granted When setting up a group. In such a 
case, all members of this group Will be able to access all 
mask data stored in the server Without explicitly granting 
access at Security page. 

[0091] Jobs 

[0092] FIGS. 6A and 6B illustrate an exemplary run page 
600 that alloWs a user to run a defect analysis job. An area 
601 of run page 600, entitled Selecting Mask, Stepper 
Setting, And Job Type, includes three pull-doWn menus. A 
Masks in Queue pull-doWn menu can indicate all of the 
mask ?les that are in the queue to start a job. In one 
embodiment, the mask ?les can be listed in the order that 
they Were received in the queue. A Stepper Settings pull 
doWn menu can indicate all the stepper settings previously 
de?ned. Note that a text box to the right of the Stepper 
Settings pull-doWn menu contains the detailed information 
regarding the stepper settings. AJob Type pull-doWn menu 
speci?es the type of test to run to examine the defects. In one 
embodiment, the tests are referenced as ADSS (automatic 
defect severity score) or simulation. Computing an ADSS is 
described in US. patent application Ser. No. 09/814,023, 
entitled “System and Method Of Providing Mask Defect 
Printablity Analysis”, ?led on Feb. 28, 2002, and incorpo 
rated by reference herein. 

[0093] Another area 602 of run page 600, entitled Link to 
Previous Inspection Run, includes a check box. If the user 
checks this box, the defect analysis tool reuses an old recipe, 
ie a series of steps to execute a function, such as simulation 
or ADSS, previously used for a particular mask (if avail 
able). 
[0094] Yet another area 603 of run page 600, entitled 
Simulation Setting, includes various parameters that can be 
set. For example, a Minimum Dark Background can specify 
the minimum dark background value for the mask image 
Whereas a Maximum Bright Background can specify the 
maximum brightness background value of the mask image. 

[0095] Clicking the Advanced button can open a page 
requesting entry of additional parameter values. In one 
embodiment, a grid siZe parameter can specify the siZe of the 
simulation grid, Which is dependant on the inspection sys 
tem and reduction factor speci?ed in the stepper settings. An 
output pixel siZe parameter can specify the siZe of the output 
pixel, Which is dependant on the original mask pixel siZe. In 
one embodiment, the default output pixel siZe can be equal 
to the grid siZe. An interpolation scale parameter can specify 

Jan. 22, 2004 

hoW much smaller the pixel siZe is for analysis as compared 
to the inspection system pixel siZe (Wherein the smaller, the 
scale the more accurate the result). 

[0096] Yet another area 604 of run page 600, entitled 
ADSS Setting, includes an ADSS mode parameter that can 
specify Whether a line spacing mode or a contact hole should 
be used. This parameter can specify the main pattern of the 
particular mask data, eg contact hole (for contact and via 
patterns) or line/space (for all non-contact patterns). Note 
that ADSS can advantageously use different algorithms to 
calculate the severity scores based on the appropriate pat 
tern. An ADSS score setting parameter can assign a score to 
each available color, e.g. Red, Green, and YelloW. In one 
embodiment, the default color setting can be Green (0-3.5), 
YelloW (3.5-5), and Red (5-10). 

[0097] Yet another area 605 of run page 600, entitled 
Threshold Setting, de?nes a user-acceptable CD variation 
(i.e. tolerance)(e.g. a plus and minus percentage). In one 
embodiment, various colors can indicate CD proximity to 
the set tolerance. For example, the ADSS result could 
change from green to yelloW When the Wafer CD on defect 
image nears the tolerance (e.g. —5.0% or +10%). 

[0098] Areas 606 and 607 of run page 600, entitled Use 
Auto Thresholding and Use Manual Thresholding, respec 
tively, alloW a user to set thresholds (used to determine the 
edge position on a Wafer from an aerial image simulated by 
the defect analysis tool) either automatically or manually (in 
one embodiment, one of these tWo circles must be checked). 
If auto thresholding is chosen, then the user can either enter 
in the mask and Wafer CD values along With a tolerance (if 
necessary) or check an automatically computed Wafer CD, 
i.e. Wafer CD=Mask CD/Reduction+n % bias, Wherein the 
user inputs the bias value and the mask CD is measured from 
mask images. In one embodiment, multiple CD values can 
be speci?ed by separating each value With a space. 

[0099] If manual thresholding is chosen, then the user can 
manually enter the threshold value (eg nominal) and the 
process WindoW range (see area 608). The process WindoW 
range de?nes a set of alloWable exposure and defocus values 
Within Which the printed Wafer patterns meet manufacturing 
speci?cations. In one embodiment, the exposure parameter 
can be de?ned as a plus and minus percentage. The defocus 
parameter can specify the defocus values via pull-doWn lists. 
The defocus parameter refers to the position of the focal 
plane relative to the air/resist interface. In one embodiment, 
the positive defocus direction is into the resist. Note that the 
distance betWeen the focal plane and the image plane is the 
absolute difference betWeen the image depth and the defo 
cus. 

[0100] Auser can start a job by clicking a “Go” button. In 
one embodiment, the user can submit multiple jobs for one 
set of mask data. To do this, the user can click a “Submit” 
button after specifying the parameters for each job. After 
submitting the parameters, the “recipe” for that job can 
appear at the bottom of run page 600 as a reference. In one 
embodiment, multiple recipes can appear at the bottom of 
run page 600. The user can then start the jobs by clicking the 
“Go” button. 

[0101] RevieWs 

[0102] The revieW pages can advantageously display all 
job runs and results that are stored in the defect analysis tool 
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database. Users can evaluate this information and run addi 
tional simulations, perform one-dimensional analysis, and 
calculate additional ADSS on completed jobs. 

[0103] FIG. 7 illustrate an exemplary Level 1 revieW page 
700 that alloWs a user to search for a completed defect 
analysis job. To search for completed jobs, the user can input 
the inspection system used, the creation dates (Created 
BetWeen and To), and the name of the ?le that Was provided 
by the inspection system or the user (Lot name). After 
clicking the Search button, the defect analysis tool can 
generate a table for each job run on a mask. Each table can 
include the folloWing headings: the internal ID set by the 
system and used by the database (ID), the mask ID set by the 
system and used by the database (Mask ID), the quality of 
the mask as designated by the fabrication facility for mask 
transfers (Grade), the date and time When the job started 
(Date In), an indication of Whether the job has been 
revieWed (RevieWed), the current inspection stage (QC 
Type), a customer name that gives the order of the mask (Fab 
User), the status of the job (Job Status)(e.g. completed, 
running, not yet started), the inspection system used in the 
job (Inspection System), the mode of the inspection system 
(Inspection Mode), and the job type (Recipe) (e.g. simula 
tion or ADSS). 

[0104] In one embodiment, clicking the ID heading or the 
RevieWed heading displays a Level 2 RevieW page. In one 
embodiment, clicking the Recipe heading displays the set 
tings used to run the job. 

[0105] FIG. 8 illustrates an exemplary Level 2 revieW 
page 800 that alloWs a user to ?lter defects for further revieW 

(ie for the Level 3 revieW). In one embodiment, a defect 
map 801 of the mask can be represented With locations 
determined by an X-Y coordinate system entered in the ?le 
conversion tool. Each defect can be color-coded based on its 
severity score. 

[0106] In one embodiment, red defects (indicated as 
circles in page 800) impact the Wafer and require repair. 
YelloW defects (indicated as X’s in page 800) are question 
able as to Whether they impact the Wafer or not. Thus, yelloW 
defects may require additional analysis, Which can be per 
formed by an operator or process engineer. Green defects 
(indicated as triangles in page 800) passed the test and are 
considered nuisance defects. In other Words, green defects 
Will not print on the Wafer or Will not affect any features and, 
therefore, do not require repair. Note that defect scores that 
are higher than a predetermined value can be displayed With 
a different color or in a different manner to facilitate ease of 

recognition. For example, in one embodiment, extremely 
severe defects (ie those that could be very dif?cult to 
repair) could be represented by a ?ashing red light. 

[0107] Defect map 801 can provide valuable information 
to the user in an easy to understand format. Speci?cally, a 
user can easily identify Which areas of a mask (e.g. areas for 
forming memory, logic, test features, etc.) have serious 
defects. This information could affect the user’s assigned 
status to the mask. For example, if serious defects occur only 
in the test features area, then the user may assign the mask 
a Pass status (ie the mask can be used as is) irrespective of 
the number of serious defects. 

[0108] A current status of the mask With the total number 
of defects (in this case 36) and the percentages in red, yelloW 
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and green can be provided in page 800. A history of passes, 
holds, rejects, and the total number of actions taken on the 
defects can also be provided in page 800. 

[0109] In one embodiment, Level 2 RevieW pate 800 can 
further include a defect table, Which can include the folloW 
ing headings: the defect ID from the KLA RF ?le or system 
generated ID if from a non-KLA RF ?le (Defect ID), the 
automatic defect severity score (ADSS), the reference criti 
cal dimensions measurement (Ref CD), the defect type 
(Type), the KLA RF defect class (Class), the percentage of 
critical dimension at best exposure, best focus (CD@ 
BEBF), the percentage of critical dimension at best expo 
sure, Worst focus (CD@BEWF), the percentage of critical 
dimension set for the negative exposure range, best focus 
(CD@EBF), the percentage of critical dimension set for the 
positive exposure range, best focus (CD@-EBF), an indi 
cation Whether AIMS results are available or not (AIMS), 
and the defect’s current status (Status)(e.g. Waive or pass). 

[0110] In one embodiment, defects can be revieWed in 
total or ?ltered to see particular criteria. For example, a user 
may only Want to vieW Red-coded defects in defect map 
801. In that case, the user can set the pull-doWn menus to 
Red. The user can also display a defect map With color 
combinations. For example, the user can vieW YelloW- and 
Green-coded defects by setting the tWo pull-doWn menus 
appropriately. Thus, the tWo pull-doWn menus can provide a 
?ltering function. In other embodiments, additional ?lters 
can be provided. These ?lters could include Defect Type, 
Holds, Repairs, Rejects, Passes, Waives, and ADSS Failed. 

[0111] After the user clicks the Refresh button, the ?ltered 
information can be displayed on defect map 801 as Well as 
in the defect table (not shoWn). At this point, the user can 
choose What to revieW on the Level 3 RevieW page. In one 
embodiment, the selections available are: All Inspection 
Runs, Current Run, and Current Run With AIMS. When the 
user selects one or multiple items of those selections, the 
defect analysis tool can look for the speci?ed data stored in 
the database for that mask (Wherein the data Would have the 
same mask ID and serial number). To proceed to the Level 
3 RevieW, the user can click the RevieW button. 

[0112] Note that after revieWs are completed on the Level 
3 RevieW page (see FIG. 9), the user can be returned to 
Level 2 RevieW page 800 to complete the process. In one 
embodiment, after all revieWs are complete, the user can 
click the RevieW Completed button. At this point, the user 
may be prompted to choose a Name for the menu to send an 
e-mail noti?cation regarding the completed revieW, to Write 
a revieW summary in a textbox, and to send the noti?cation 
and associated revieW summary. 

[0113] FIG. 9 illustrates an exemplary Level 3 revieW 
page 900. The Level 3 revieW alloWs the user to individually 
vieW each defect and reference image pair along With the 
simulated results. The defect can be marked (in this case 
using a dotted circle) on the defect image as Well as the 
simulated image of the defect. In one embodiment, if the 
mask Was linked to a previous mask image (e.g. pre 
repair)(i.e. inspection data collected after the mask is made, 
but before the mask is sent to be repaired), then the results 
of the previous mask are visible by clicking on the side tabs. 

[0114] In one embodiment, the user can access any defect 
image using a pull-doWn menu Defect. In page 900, results 














